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ONCOGENE EXPRESSION IN PRIMARY LUNG TUMORS IN DOGS THAT INHALED 239PUO 2

Abstract - Ten radiation-induced and three spon-

taneous lung tumors were analyzed for aberrant ex- PRINCIPAL INVESTIGATORS

pression of known oncogenes. In 12 of 13 tumors C. Kelly

tested, sequences hybridizing to the c-myc oncogene P. R. Kerkof

were expressed at levels 1.5 times higher than se- P. J. Haley

quences hybridizing co 0-actin. This level of on-

cogene expression was also observed in 9 of 13 tumors for I or more members of the ras family of

oncogenes. Seven of heen tumors examined express sequences that hybridize with clones of

V-ros or C-met. The ros and met clones both code for oncogenes whose normal homologues are

transmembrane proteins related to the insulin receptor.

The objective of our research is to develop a comprehensive understanding of the molecular

mechanisms responsible for radiation-induced neoplasia. Ongoing life-span radiation

carcinogenesis studies in the Beagle dog at tis Institute have produced a variety of alpha

radiation-induced lung neoplasms (this report, pp. 189-195). We have obtained a set of 10 primary

lung tumors from Beagle dogs exposed by inhalation to 239 PuO2, and three primary lung tumors from

control dogs in the ITRI colony (Table 1).

One phenomenon in the development of some neoplasms is the aberrant expression of normal

oncogenes in tumor tissue. The over-expression of proto-oncogenes has been implicated in the

genesis of a variety of tumors.1 We examined the ten radiation-induced and three spontaneous

tumors listed in Table I for the aberrant expression of known oncogenes.

Table 1

Primary Canine Lung Tumors Examined for Oncogene Expression

239Pu-Induced

Tumors a Dose (Gray) Diagnoses

1121S 1.0 Papillary adenocarcinoma

1320A 1.8 Papillary adenocarcinoma

1070B 3.3 Bronchioloalveolar carcinoma

1222T 3.5 Anaplastic, large cell adenocarcinoma

1057S 5.0 Bronchioloalveolar carcinoma

1220B 5.3 Adenosquamous carcinoma

1100B 6.0 Adenosquamous carcinoma

1145T 9.8 Papillary adenocarcinoma

1134B 10 Papillary adenocarcinoma

1364S 13 Papillary adenocarcinoma

Spontaneous Tumors

770S Papillary adenocarcinoma

859C Papillary adenocarcinoma

1124A Bronchioloalveolar carcinoma
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METHODS

Lung tumors were collected at necropsy. Sections for oncogene analysis were quick frozen in

liquid nitrogen. Sections for histologic analysis were fixed in 10% neutral buffered formalin,

embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin.

Plasmid clones of known oncogenes were obtained from the American Type Culture Collection,

Rockville, MD. When a choice was available, viral oncogene clones were used in these

experiments. Oncogene-containing plasmids able 2 were denatured by boiling for min and then

applied in serial dilutions of 1.0, 0.5, and 025 pg to a nylon membrane (Schleicher and Schuell)

using a Slot-Blot vacuum manifold. Prehybridization and hybridization conditions employed were

those suggested by the manufacturer. Preparation of tumor RNA and radiolabeled cDNA probes from

this material employed standard techniques.2 Blots were washed twice under low stringency

conditions using SSC (0.15 M NaCl, 0.015 sodium citrate) and 0.1% SOS at 42'C. The

autoradiographs were prepared (see Fig. 1). Expression of the D-actin gene was used as an

internal control for each tumor. The plasmid pUC18 served as a negative control for each blot.

RNA prepared from unexposed Beagle dog lung tissue was also used as a control. Densitometric

scans of the resulting autoradiographs were used to identify those oncogenes expressed at elevated

levels.

Table 2

Oncogenes Used to Examine Expression

in Primary Lung Tumors in Dogs Exposed to 239 PuO2 or Vehicle

Ras Cytoplasmic Protein Kinases

c-H-ras v-raf

c-Ki-ras v-mos

c-N-ras v-abl

v-src

v-fes/v-fps

Receptor Tyrosine Kinases Others

v-erb-B c-myc

c-neu v-myb

v-fms v-bas

v-ros V-sis

c-met v-erb-A

c-trk v-rel

v-fos

RESULTS AND DISCUSSION

Levels of oncogene cDNA were normalized to the levels of P-actin gene expression in each tumor

RNA preparation, enabling comparisons to be made among tumors. Based on the observed patterns of

expression, oncogene sequences hybridizing at levels 1.5-fold higher than sequences hybridizing to

the R-actin clone were arbitrarily scored as positive for expression. When normal lung was

included in parallel experiments as a control, the oncogenes included in our battery were not

expressed (see Table 3.

334



1.0 �Lg 0. 5 ILg 0.25 uq

C-N-ras

C-MYC

c-H-ras

Figure 1 32P-Labeled cNA from a pa�illary
adenocarcinoma (1041B) taken from a 2 9PuO2-
exposed Beagle dog was hybridized to a nylon v-K-ras
filter containing clones of 19 different onco-
genes . Those oncogene transcripts expressed
in this tumor (N-ras, c-myc, Ki-ras) are illus-
trated along with p-actin which served as a
positive control and pUC18 which served as a
negative control. See this report, pp. 338-344
for a discussion of the V-Ki-ras expression.

P-actin

P-UC18

V40S

Nine of thirteen tumors examined expressed one or more members of the ras family of

oncogenes: N-ras was expressed in seven of these tumors, H-ras in five tumors, and Ki-ras in four

tumors. Of the seven tumors expressing sequences similar to the N-ras oncogene, six tumors also

expressed either H-ras or Ki-ras, while one tumor (1222T) expressed H-, Ki-, and N-ras related

sequences. Eleven of thirteen tumors examined expressed sequences that hybridize to the c-myc

oncogene clone. One of the tumors negative for c-myc expression, 859C, did express c-myc-like

sequences at approximately the same level as p-actin, but this level of expression was not scored

as positive under the selection criteria employed.
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Table 3

Oncogenes Expressed in Primary Lung Tumors in 239PuD2-Exposed and Control Dogs

239 Pu Exposed Control Normal Canine

1121S 1320A 1070B 1222T 1220B 1100B 1145T 1057S 1134B 1364S 7705 859C 1124A Lung (0)

myc + + + + + + + + + + +

ras + + + + + f + + +

abl

fes/fps + + +

EGFR

v-erb-B +

c-neu

PDGFR

v-fMs

ILGFR

v-ros + + + +

c-trk + +

c-met + + + +

v-myb + +

v-bas +

V-Sis + +

Those oncogenes expressed at levels > 1.5-fold the level observed for the 13-actin gene were scored positive
for expression. Normal canine lung RNA when assayed in parallel experiments did not express the oncogenes
included in our battery. The ras column includes c-H-ras, c-Ki-ras, and c-N-ras, the v-ros. c-met and v-erb-B
columns are those oncogenes from the receptor tyrosine kinase group (Table 2 scoring positive in ihis assay.

abl = Abelson family; EGFR = epidermal growth factor receptor family; PDGFR = platelet derived growth factor
family; 1LGF = insulin like growth factor receptor family.

We are not in a position at this time to postulate a cause and effect relationship or a

definitive correlation between exposure, tumor type and oncogene expression, and the high

frequency of ras- and myc-related sequences expressed in the tumors examined to date. Enhanced

expression of the myc oncogene has been correlated to the malignant progression of human

neuroblastomas,3 or colon carcinomas,4 and has been found in a number of human lung cancer cell

1 i nes .5 The cellular ras oncogene is also expressed in a variety of malignant tumors. Ho.4ever,

the association of ras expression with proliferation and malignancy has been inconsistent.6

We have been particularly interested in examining the expression of a number of oncogenes

whose normal homologues are receptors for growth factors. Enhanced expression of the receptor for

epidermal growth factor has been demonstrated in human lung carcinomas and human lung tumor cell

lines.8 The battery of known oncogenes used in these experiments included six clones encoding

receptor tyrosine kinase-related oncogenes: erb-B, c-neu, v-fms, v-ros, c-trk, and c-met. The

erb-B oncogene, which encodes the cytoplasmic and transmembrane portions of the epidermal growth

factor receptor, was expressed in one of eleven tumors tested. The oncogenes v-fms and c-neu were

not expressed in any of the tumors examined. Six of thirteen tumors examined did express

sequences that hybridized with oncogene clones of v-ros or c-met. If we reduce the stringency of

our selection criteria to include those oncogenes expressed at a level > 1X P-actin, nine of

thirteen tumors score positive for either ros and/or met expression. The ros and met clones both

code for oncogenes whose normal homologues are transmembrane tyrosine kinase proteins related to

the insulin receptor.9
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